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Description 

[0001] The invention relates to a star-shaped branched polyamide with at least 3 polyamide branches choosen from 
the group of AB-type monomers, that is formed from a multifunctional core bearing only one type of functional groups 

s chosen from the group of amine and carboxyl groups, and a process for the preparation thereof. 

[0002] Such star-shaped branched polyamides are known from J.R. Schaefgen and P.J. Flory, J. Am. Chem. Soc. 
70, 2709-18 (1948), which describes star-shaped branched polyamides whose branches are formed in the polymeri- 
sation of e-caprolactam and cyclohexanone tetraproprionic acid. Examples of star-shaped branched polyamides whose 
branches are initiated by amine groups are described in J.M. Warakomski, Chem. Mater. 1992 , 4, 1000-1004 (1992). 

10 Here a star-shaped branched polyamide is obtained in the polymerisation of e-caprolactam on tris(2-aminoethyl)amine, 
N,N-bis(2-aminoethyl)-N , ,N , -bis[2-[bis(2-aminoethyl)amino]ethyl]-1 ,2-ethanediamine and the polyethylene imine den- 
drimer of the following generation. 

[0003] The use of the aforementioned multifunctional core molecules however involves several drawbacks. It is not 
possible to obtain branches with high molecular weights using Flory's carboxylic acid core molecules, and, at the 
's postpolymerisation temperatures employed, molecular decomposition and crosslinking take place after some time and 
the fraction of linear polyamide increases. 

[0004] Warakomski's amine polymerisation initiators present the drawback of slow polymerisation initiation. 
[0005] There is a high risk of the formation of linear polyamide owing to contaminations and the number of branches 
formed is difficult to control. One of the conditions in the preparation of the star-shaped branched polyamide according 
20 to this state of the art is the complete absence of water. This necessitates long polymerisation times and extra measures 
in comparison with the usual polymerisation processes for e-caprolactam to polyamide-6. For this reason Warakomski 
makes use of the hydrochlorides of the amines. After the polymerisation these hydrochlorides must first be carefully 
removed, which means that extra operations and the necessary equipment are required. 

[0006] The aim of the invention is to provide a star-shaped branched polyamide which (a) can be obtained using the 
2S usual polymerisation processes for linear polyamides, which (b) can be obtained with a high degree of polymerisation 
which (c) shows no significant decomposition or crosslinking at the temperature at which the polymerisation process 
takes place and which (d) also shows a good stability with respect to processing in the melt. 
[0007] The inventors have now found that a star-shaped branched polyamide in which the amine or carboxyl groups 
of the core are bound 

30 

(1 ) to an acyclic compound in which branching occurs, if it is branched, at a carbon atom or 

(2) via an acyclic chain to a heterocyclic compound meets the above requirements and hence does not show or 
shows to only a small extent the drawbacks of the star-shaped branched polyamides according to the state of the 
art. 

35 

[0008] Because the star-shaped branched polyamide according to the invention can be produced, without further 
investments, in existing polymerisation installations for the corresponding linear polyamide, an application in which 
use can be made of the low melt viscosity characteristic of star-shaped branched polyamides for, for example, injection- 
moulding thin-walled objects, has now come within reach. 

40 [0009] Suitable polyamides are polyamides which can be obtained through polycondensation of a,co-amino acids or 
through ring-opening polymerisation of lactams. Examples are polyamides, polyamide-6, polyamide-8, etcetera. 
[0010] Acyclic compounds are compounds having an open-chain molecular structure instead of a ring structure. 
Examples of such acyclic compounds are aliphatic hydrocarbons that are characterised by a straight or branched 
arrangement of the carbon atoms constituting the chain. Aliphatic hydrocarbons can be split up into alkanes, alkenes 

45 and acetylenes, which are saturated, unsaturated having a double bond, and unsaturated having a triple bond, respec- 
tively. In complex structures the chains may be branched or crosslinked. Examples of such branched or crosslinked 
compounds are branched aliphatic compounds, for example 4-aminomethyl-1 ,8-octanediamine. If the branched or 
crosslinked compounds contain atoms other than carbon, chain branching occurs at the C atoms only. Preferably use 
is made of branched aliphatic compounds. The length of the main chain may then vary within a wide range, for example 

so between 2 and 40 carbon atoms, and the length of the side chains may vary between 1 and 20 carbon atoms; preferably 
the main chain is chosen to be not longer than 20 carbon atoms and the side chains are not longer than 10 carbon 
atoms. The distance between the carbon atoms in the main chain to which branches are bound is preferably at least 
2 carbon atoms. 

[0011] The amine or carboxyl group is preferably terminally bound to the aliphatic chains. 
55 [0012] In principle, there is no limit to the number of functional groups per main chain, but preferably the number of 
groups is limited to 3-10. 

[0013] The acyclic groups to which the initiator group is bound are preferably identical. The length of the acyclic 
chain to which the initiator group is bound is preferably chosen to be between 1 and 1 0 (carbon) atoms. If the chain is 
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too short, there will be a risk of steric hindering, as a result of which it will not be possible for polyamide chains to be 
formed onto all the functional groups, whereas too long chains involve the risk of entanglement, which may hinder the 
formation of a regular star-shaped structure owing to shielding, among other factors. 

[0014] Heterocyclic compounds are compounds having a closed ring structure where one or more of the ring's atoms 
s is an element other than carbon, for example sulphur, nitrogen or oxygen. Examples are pyridine, pyrroles, furans, 
thiophene and purine. The heteroatoms present in the ring, however, affect the distribution of the electrons, as a result 
of which initiator groups bound to carbon atoms in the ring that are at different distances from heteroatoms have a 
different reactivity, which may result in irregular polymerisation initiation and the formation of irregular star-shaped 
branched polyamides. 

10 [0015] For this reason heterocyclic ring compounds showing point symmetry are particular suitable. Examples of 
such compounds are 1,3,5-triazines and 1,4 diazines, for example melamine and compounds derived therefrom and 
2,3,5,6-tetraethylpyrazine, 1 ,4-piperazines and tetrathiaphulvalenes. In principle there is no limit to the number of func- 
tional groups bound via acyclic chains per heterocyclic ring compound, but 3-10 groups per heterocyclic ring compound 
is preferred. 

15 [0016] The length of the acyclic chain to which the functional group is preferably terminally bound is preferably 1-10 
atoms. The terminal functional group is preferably a carboxy I group. 

[0017] Preferably use is made of 2,4,6-trisaminocaproic acid-1 ,3,5-triazine, in view of the simple and easily control- 
lable way in which this compound can be obtained and the presence of aliphatic initiator groups that also correspond 
to the monomer for polyamide-6. 
20 [0018] Preferably one type of functional group is present per core molecule. The presence of - or the possibility of - 
the formation of different functional groups must preferably be avoided because of the implied possibility of crosslinking. 
[0019] The core molecule should be smaller than the polyamide branches. Preferably its molecular weight should 
be less than 2000, more preferably less than about 700. 

[0020] The polyamide branches can be polymerised by the process usually used for the preparation of polyamides 
25 from a.co-amino acids or through hydrolytic ring-opening polymerisation of lactams, for example e-caprolactam or lau- 
rylolactam. These processes are described for example in Kunststoff-Handbuch Band VI, pp. 168-202, Carl Hanser 
Vorlag, Munich (1966). Instead of the usual chain length regulators, the multifunctional core of the invention is now 
added. 

[0021] The monomer : multifunctional core molar ratio is chosen so that the desired chain length is obtained at almost 
30 complete polymerisation. This ratio is therefore partly dependent on the number of functional groups per core molecule. 
In general, this molar ratio will be between 10n and 250n, n being the number of functional groups per core molecule. 
[0022] If e-caprolactam is used as the monomer, the star-shaped polyamide can for example also be synthesised 
using the process described by Flory c.s. The process according to the invention is however preferred. 
[0023] In the process according to the invention for the preparation of star-shaped branched polyamides through the 
35 polymerisation of a lactam in the presence of a multifunctional core compound the polymerisation is carried out in the 
presence of water (0.5-30 mol.%, relative to the monomer) and optionally a catalyst, at atmospheric or elevated pres- 
sure, 0,1-3 MPa, at a temperature between 220 and 280°C, after which the polymerisation is continued in the solid 
phase in a second reaction step, at reduced pressure and/or in an inert gas atmosphere, at a temperature between 
about 160°C and about 10°C below the melting temperature of the reaction product obtained in the first step, until a 
40 desired degree of polymerisation is obtained. It has most surprisingly been found that, in the case of the process 
according to the invention, the reaction product obtained in the first step is already very tough and strong even after a 
relatively short polymerisation time, its toughness and strength corresponding to those of the corresponding linear 
polyamide obtained after longer polymerisation - this in contrast to the brittle product that is obtained with the process 
according to Flory c.s. 

45 Postcondensation in the solid phase results in a white product with polyamide branches that may have a very high 
molecular weight. High* is understood to mean Mn > 5000, preferably > 7000, or even more preferably > 10,000. The 
temperature of the first polymerisation step is generally chosen to be between about 220 and 280°C. Preferably the 
reaction temperature is between about 230 and 275°, more preferably between about 240 and 270°C. 
[0024] The pressure in the reactor is generally atmospheric, but may optionally be set to a value between 0.1 and 

50 3 MPa (1-30 bar). 

[0025] The amount of water present at the beginning of the polymerisation is not critical; usually between 0.5 and 
30 mol.% water is chosen, relative to the amount of monomer. An amount of between 5 and 1 5 mol.% is* preferred. 
[0026] The presence of the catalyst contributes to a short reaction time, as required to realise a desired degree of 
polymerisation. In principle the catalysts usually used for hydrolytic polymerisation are suitable in this case too. In the 
55 polymerisation of caprolactam in particular aminocaproic acid is preferable. The amount of catalyst to be used for the 
polymerisation may vary within a wide range, for example between 0.05 and 3 mol.%, relative to the monomer, pref- 
erably between 0.1 and 2 mol.%. If the acid catalyst simultaneously serves as a chain-terminating agent, the amount 
of catalyst to be used will be partly dependent on the desired molecular weight of the polyamide branches. 
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[0027] From the fact that the molecular weight or the degree of polymerisation can still increase considerably in solid- 
phase aftercondensation it can be concluded that the product obtained after the first step in the polymerisation process 
is a composition comprising a mixture of star-shaped branched polyamide and linear polyamide. The degree of po- 
lymerisation of the polyamide branches of the star-shaped branched polyamide is about the same as that of the linear 

5 polyamides in the composition if the catalyst and the functional groups of the core molecule are identical and the 
reaction time is sufficient. As already mentioned, this composition has mechanical properties that correspond to those 
of a linear polyamide with a significantly higher degree of polymerisation. For example, a polyamide composition with 
ductile fracture properties is obtained already after a polymerisation time after which the corresponding linear polyamide 
still shows brittle fracture behaviour. 

10 [0028] The invention therefore also relates to a tough polyamide composition essentially consisting of 

a) a linear polyamide and 

b) a star-shaped branched polyamide according to the invention. 

is The degree of polymerisation of the polyamide branches of the star-shaped branched polyamide must be at least half 
of that of the linear polyamide, preferably at least about the same as that of the linear polyamide. 
[0029] More in particular the invention relates to a tough polyamide composition comprising a) a linear polyamide 
with a degree of polymerisation that is insufficient for obtaining ductile fracture behaviour b) a star-shaped branched 
polyamide according to the invention with a degree of polymerisation that is at least about the same as that of the 

20 linear polyamide. 

It is also possible to obtain such tough polyamide compositions by mixing a linear polyamide and a star-shaped 
branched polyamide in the melt. The degree of polymerisation of the star-shaped branched polyamide may then in 
principle be chosen independently of that of the linear polyamide. The process according to the invention is however 
strongly preferable. 

25 [0030] The star-shaped branched polyamide according to the invention has a high thermal stability that manifests 
itself in for example a white polymer. Polyamides of the kind described by Warakomski show a yellowish brown dis- 
colouration. 

[0031] The star-shaped branched polyamide according to the invention can easily be polymerised to a high molecular 
weight and will retain this high molecular weight even after long heating in the melt, without any increase in the melt 
30 viscosity - this in contrast to the star-shaped branched polyamides described by Flory c.s., which then show decom- 

■ position and crosslinking: - - - . . . . 

[0032] Also the short polymerisation initiation time and the high polymerisation rate are major advantages in the 
preparation according to the invention. 

[0033] The detailed description and the experiments have been restricted to homopofyamide. However, it will be 
35 clear to a person skilled in the art that copolyamides are also within the scope of the invention and that the term 
'polyamide' hence includes both homopolyamide and copolyamide. 

[0034] Where mention is made of amine or carboxyl groups, those groups are understood to include groups that can 
yield amine and/or carboxyl groups under the polymerisation conditions, for example esters and amides. 
[0035] The invention will now be elucidated with reference to the following examples and comparative examples, 
40 without however being limited thereto. 

Example I 

a. Preparation of 2,4,6-trisaminocaproic acid-1,3,5-triazine (TACT) 

45 

[0036] A solution of 154 g (3.8 mol.) of sodium hydroxide and 335 g (2.56 mol.) of e-aminocaprotc acid in 600 ml of 
water was slowly added, drop by drop, with intensive stirring, to a suspension of 78.8 g (0.428 mol) of cyanuric chloride 
in 650 ml of ice water. The temperature was kept between 0 and 5°C. The stirring was continued for 2 hours at 0-5°C, 
after which the temperature was raised to 50° C and maintained at that value for 4 hours, and finally the reaction mixture 
so was kept at 100°C for 1 hour, with constant stirring. Then the reaction mixture was brought to a pH of 4.5 with the aid 
of a 1 0% sulphuric acid solution, at 60°C. The precipitate formed was removed through filtration and rinsed with water. 
The melting point of the white powder was 186-8'C. Capillary electrophoresis revealed a purity of 97%. 

b. Polymerisation of e-coprolactam and the core compound TACT 

55 

[0037] 1 00 grams of e-caprolactam, 1 gram of e-aminocaproic acid, 2 grams of water and different amounts of TACT 
(required for calculated branch lengths of 25 to 200 units) were mixed in a glass tube at 90°C. The tube was fitted with 
a reflux cooler and was heated to 260-270°C in a nitrogen atmosphere and then kept at this temperature for 11 hours. 
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After cooling, the tube was broken and its contents were ground and rinsed twice with boiling water to remove unreacted 
caprolactam. The polymer obtained was white. 

[0038] Some of the mechanical properties of the rinsed polymer were measured, the melt viscosity was determined 
and also the intrinsic viscosity; the melt viscosity as a so-called zero viscosity at 230°, that is, the dynamic melt viscosity 
at 0 shearing force using a Rheometrix 800 parallel plate apparatus; the solution viscosity as a relative viscosity, Ti reI , 
measured on a solution of 1 gram in 100 ml of 85% formic acid. 

[0039] The mechanical properties were measured using injection-moulded specimens with the indicated standard 
test methods, using samples that were obtained by carrying out the above polymerisation on a 500-grams scale. 
[0040] The samples were dried for 24 hours at 80°C under a vacuum before the tests. The results are shown in Table 
1. 

Example II 

[0041] Rinsed products obtained as described in Example lb were subjected to postcondensation at reduced pres- 
sure, under a nitrogen vent, for 4 hours at 190°C. During this postcondensation a further increase in the molecular 
weight of the polyamide branches was observed (Table 2). Apparently the product that was obtained after the first 
reaction step still contained a substantial fraction of linear polyamide besides star-shaped branched polyamide. During 
the postcondensation process a final condition is asymptotically reached, at which no significant amount of linear 
polyamide is any longer present in addition to the star-shaped branched polyamide, and at which the melt viscosity 
has a constant value. 

[0042] The melt viscosity shows Newtonian behaviour and is dependent on the shear rate to a small extent only. 
Only at branch lengths of 200 monomeric units does the melt viscosity start to increase at low shearing forces. 
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TABLE 2 



branch length (calculated) [monomeric units] 


before postcondensation 


after postcondensation 


no [Pa s] Ti re , 




[Pas] 


nrel 


50 


61.3 


1.73 


120 


1.77 


100 


196 


2.09 


1540 


2.40 


200 


759 


2.18 


11900 


2.98 



It is noteworthy that whereas it was impossible to realise branch lengths of Mn > 5000 without crosslinking with the 
star-shaped branched pofyamides of Flory as., this can be realised without problems with the star-shaped branched 
polyamide according to the invention, using conventional polymerisation techniques. 

[0043] The star-shaped branched polyamide according to the invention shows a high melt stability. In 1 hour at 230°C 
15 no changes were found to occur in the melt viscosity (see Figure 1). Figure 1 shows the meltviscosity (if) and the 
phase angle (A) as a function of rotation velocity in the dynamic melt viscosity measurement at 5, 11, 15, 32 and 35 
minutes in the melt at 230°C. 

Example III 

20 

[0044] Example lb was repeated, only 4-aminomethyl-1,8-octanediamine* (AMOD) was used instead of (TACT). 
Table 3 shows the results of the experiments. 



TABLE 3 



Branch length 


before postcondensation 


after postcondensation 


no [Pa-s] 


n r e! 


A 0 


A rel 


50 


34.0 


1.66 


66 


1.74 


100 


371 


2.02 


1300 


2.36 


200 


864 


2.17 


'11240 


2.96 



These results are very similar to those of Table 2. 
Comparative experiment 1 



[0045] Experiment lb was repeated, only dendrimers were used as cores instead of (TACT). The dendrimers were 
the amine-terminated polypropylene imines of the first, second and third generation, having 4 and 8 amine terminal 
groups, respectively. (DAB(PPA) 4 , 1,4-diaminobutane-N,N*-tetra-1 -propylamine and DAB(PPA) 8 . 
[0046] The structure and preparation of these dendrimers, which show a close similarity to Warakomski's amine- 
terminated polyethylene imines, are described in for example Angew. Chem. Int. Ed. 32, 1308-1311 (1993). 
[0047] A brown product with inferior properties was obtained; see Table 4. 



TABLE 4 



Core wt. [%] 


no [ pa s l 


n re i 


Tensile strength (N/mm 2 ) 


Elongation at break [%] 


DAB(PPA) 4 , 0.7 


6.7 


1.50 


57±5 


4.610.5 


DAB(PPA) 4 , 0.35 


7.1 


1.46 


51±3 


4.2+0.2 


DAB(PPA) 4 , 0.18 


9.8 


1.51 


39±6 


3.2±0.5 1 


DAB(PPA) 8 . 0.70 


2.9 


1.39 


41+3 


3.5±0.4 


DAB(PPA) 8 , 0.35 


3.85 


1.40 


56±2 


4.510.5 


DAB(PPA) 8> 0.18 


13 


1.53 


46+2 


3.610.5 



* from Monsanto 
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Claims 

I. Star-shaped branched polyamide with at least 3 polyamide branches, choosen from the group of AB-type mono- 
mers, that is formed from a multifunctional core bearing only one type of functional groups chosen from the group 

& of amine and carboxyl groups, characterised in that the amine or carboxyl groups are bound 

(1) to an acyclic compound in which branching occurs, if it is branched, at a carbon atom or 

(2) via an acyclic chain to a heterocyclic compound. 

10 2. Star-shaped branched polyamide according to Claim 1 , characterised in that the acyclic compound is a branched 
alkane. 

3. Star-shaped branched polyamide according to Claim 1, characterised in that the heterocyclic compound shows 
pointsymmetry. 

15 

4. Star-shaped branched polyamide according to Claim 1 , characterised in that the heterocyclic compound is a tri- 
azine. 

5. Star-shaped branched polyamide according to Claim 4, characterised in that the triazine is a melamine derivative. 

20 

6. Star-shaped branched polyamide according to Claim 1 , characterised in that the acyclic chain bound to the hete- 
rocyclic compound is derived from aminocaproic acid. 

7. Star-shaped branched polyamide according to Claim 6, characterised in that the multifunctional core is 
25 2,4,6-trisaminocaproic acid-1 ,3,5-triazine. 

8. Star-shaped branched polyamide according to Claim 2, characterised in that the multifunctional core is 4-ami- 
nomethyl-1 ,8-octanediamine. 

30 9. Polyamide composition essentially consisting of 

a. a linear polyamide 

b. a star-shaped branched polyamide according to any one of Claims 1-8. 
35 10. Polyamide composition according to Claim 9, characterised in that 

a. the linear polyamide is a polyamide with a degree of polymerisation that is insufficient for it to show ductile 
fracture behaviour, and 

b. the polyamide branches of the star-shaped branched polyamide have a degree of polymerisation that is at 
40 least the same as that of the linear polyamide. 

I I . Process for the preparation of the polyamide composition according to Claim 9 or Claim 10, through polymerisation 
of a lactam in the presence of a multifunctional core compound, in the presence of water and optionally a catalyst, 
at a temperature between 220 and 280 °C and at atmospheric or elevated pressure. 

45 

12. Process according to Claim 11, characterised in that 

a. the amount of multifunctional core compound relative to the monomer is 1 : (1 0-250).n, where n is the number 
of functional groups per core molecule 
50 b. the water content is between 0.5 and 30 mol.%, relative to the monomer 

c. the pressure is between 0.1 and 3.0 MPa. 

13. Process according to Claim 11 or Claim 12, characterised in that the catalyst is the a, co-am ino acid corresponding 
to the lactam. 

55 

14. Process according to Claim 11, characterised in that the lactam is e-caprolactam. 

15. Process according to Claim 14, characterised in that the catalyst is aminocaproic acid. 
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1 6. Process according to any one of Claims 11-15, characterised in that the amount of catalyst is 0.05-3 mol.%, relative 
to the monomer. 

17. Process for the preparation of a star-shaped melt stable branched polyamide, through postcondensation in the 
solid phase under a vacuum or in an inert gas atmosphere, at a temperature between about 160°C and 10 o C 
below the melting temperature of the product obtainable with the preparation method according to any one of 
Claims 11-16. 

18. Process according to any one of Claims 11-17, characterised in that the functional groups of the core compound 
are chosen from the group of amine or carboxyl groups, the amine or carboxyl groups being bound 

(1) to an acyclic compound in which branching occurs, if it is branched, at a carbon atom or 

(2) via an acyclic chain to a heterocyclic compound showing point symmetry. 

19. Product obtained by using the star-shaped branched polyamide according to any one of Claims 1-8. 

20. Product obtained by using the polyamide composition according to any one of Claims 9-10. 



Patentanspruche 

1. Sternfdrmiges verzweigtes Polyamid mit mindestens drei Polyamidzweigen, ausgewahlt aus der Gruppe der Mo- 
nomere vom AB-Typ, das aus einem multifunktionellen Kern aufgebaut ist, demur einen Typ funktioneller Gruppen 
aufweist, die aus der Gruppe der Amin- und Carboxylgruppen ausgewahlt sind, dadurch gekennzeichnet, daB die 
Amin- oder Carboxylgruppen 

(1) an eine acyclische Verbindung, in der die Verzweigung auftritt, falls sie verzweigt ist, an ein Kohlenstoff- 
atom, Oder 

(2) uber eine acyclische Kette an eine heterocyclische Verbindung gebunden sind. 

2. Sternfbrmiges verzweigtes Polyamid nach Anspruch 1, dadurch gekennzeichnet, daB die acyclische Verbindung 

ein verzweigtes Alkan ist. 

3. Sternformiges verzweigtes Polyamid nach Anspruch 1 , dadurch gekennzeichnet, da!3 die heterocyclische Verbin- 
dung eine Punktsymmetrie aufweist. 

4. Sternformiges verzweigtes Polyamid nach Anspruch 1 , dadurch gekennzeichnet, daB die heterocyclische Verbin- 
dung ein Triazin ist. 

5. Sternformiges verzweigtes Polyamid nach Anspruch 4, dadurch gekennzeichnet, daB das Triazin ein Melaminde- 
rivat ist. 

6. Sternformiges verzweigtes Polyamid nach Anspruch 1 , dadurch gekennzeichnet, daB die an die heterocyclische 
Verbindung gebundene acyclische Kette von Aminocapronsaure abgeleitet ist. 

7. Sternformiges verzweigtes Polyamid nach Anspruch 6, dadurch gekennzeichnet, daB der multifunktionelle Kern 
2 I 4,6-Trisaminocapronsaure-1,3,5-triazin ist. 

8. Sternformiges verzweigtes Polyamid nach Anspruch 2, dadurch gekennzeichnet, daB der multifunktionelle Kern 
4-Aminomethyl-1 ,8-octandiamin ist. 

9. Polyamidzusammensetzung, im wesentlichen bestehend aus 

a. einem linearen Polyamid 

b. einem sternformigen verzweigten Polyamid nach einem der Anspruche 1 bis 8. 

10. Polyamidzusammensetzung nach Anspruch 9, dadurch gekennzeichnet, daB 
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a. das lineare Polyamid ein Polyamid mit einem Polymerisationsgrad ist, der dafur nicht ausreichend ist, ein 
Dehnungsbruchverhalten zu zeigen, und 

b. die Polyamidzweige des sternformigen verzweigten Polyamids einen Pofymerisationsgrad aufweisen, der 
mindestens gleich demjenigen des linearen Polyamids ist. 

5 

11. Verfahren zur Herstellung der Polyamidzusammensetzung nach Anspruch 9 oder Anspruch 10 durch Polymeri- 
sation eines Lactams in Gegenwart einer muftifunktionellen Kernverblndung, in Gegenwart von Wasser und ge- 
gebenenfalls eines Katalysators bei einer Temperatur zwischen 220 und 280°C und bei atmospharischem oder 
erhohtem Druck. 

10 

12. Verfahren nach Anspruch 11 , dadurch gekennzeichnet, daB 

a. die Menge der muttifunktionellen Kemverbindung relativ zum Monomer 1: (10-250)-n betragt, wobei n die 
Anzahl funktioneller Gruppen pro Kernmolekul ist, 
15 b. der Wassergehalt zwischen 0,5 und 30 Mol-% relativ zum Monomer betragt, 

c. der Druck zwischen 0,1 und 3,0 MPa betragt. 

13. Verfahren nach Anspruch 11 oder 12, dadurch gekennzeichnet, daB der Katalysator die dem Lactam entsprechen- 
de a,(o-Aminosaure ist. 

20 

14. Verfahren nach Anspruch 11 , dadurch gekennzeichnet, daB das Lactam e-Caprolactam ist. 

15. Verfahren nach Anspruch 14, dadurch gekennzeichnet, daB der Katalysator Aminocapronsaure ist. 

25 16. Verfahren nach einem der Anspruche 11 bis 15, dadurch gekennzeichnet, daB die Menge des Katalysators 0,05 
bis 3 Mol-% relativ zum Monomer betragt. 

17. Verfahren zur Herstellung eines sternformigen, schmelzstabilen verzweigten Polyamids durch Postkondensation 
in der festen Phase im Vakuum oder in einer Inertgasatmosphare bei einer Temperatur zwischen etwa 160°C und 

so 1 o°C unterhalb der Schmelztemperatur des Produkts, erhaltlich durch das Herstellungsverfahren nach einem An- 

spruche 11 bis 16. - ......... 

1 8. Verfahren nach einem der Anspruche 1 1 bis 1 7, dadurch gekennzeichnet, daB die f unktionellen Gruppen der Kem- 
verbindung aus der Gruppe der Amin- oder Carboxy I gruppen ausgewahlt sind, wobei die Amin- oder Carboxyl- 

35 gruppen 

(1) an eine acyclische Verbindung, in der die Verzweigung auftritt, falls sie verzweigt ist, an ein Kohlenstoff- 
atom, oder 

(2) uber eine acyclische Kette an eine heterocyclische Verbindung, die eine Punktsymmetrie zeigt, 

40 

gebunden sind. 

19. Produkt, erhalten unter Verwendung des sternformigen verzweigten Polyamids nach einem der Anspruche 1 bis 8. 
45 20. Produkt, erhalten unter Verwendung der Polyamidzusammensetzung nach einem der Anspruche 9 bis 10. 



Revendlcations 

1. Polyamide ramifie en etoile avec au moins 3 ramifications de polyamide choisies parmi les monomeres de type 
AB, qu'on forme a partir d'un noyau multifonctionnel portant seulement un type de groupes fonctionnels choisis 
parmi les groupes amine et carboxyle, caracterise" en ce que les groupes amine et carboxyle sont lies 

(1 ) a un compose acyclique dans lequel la ramification a lieu, s'il est ramifte, a un atome de carbone ou 

(2) via une chaine acyclique a un compose heterocyclique. 

2. Polyamide ramifie en etoile selon la revendication 1, caracterise en ce que le compose acyclique est un alcane 
ramifie\ 



10 



EP 0 832 149 B1 

3. Polyamide ramifie en etoile selon la revendication 1 , caracterise en ce que le compose" heterocyclique montre une 
symetrie de pointes. 

4. Polyamide ramifie en etoile selon la revendication 1, caracterise en ce que le compose heterocyclique est une 
triazine. 

5. Polyamide ramifie en etoile selon la revendication 4, caracterise en ce que la triazine est un derive de melamine. 

6. Polyamide ramifie en etoile selon la revendication 1 , caracterise" en ce que la chaine acyclique liee au compose 
heterocyclique est de>iv6e de I'acide aminocaproique. 

7. Polyamide ramifie en etoile selon la revendication 6, caracterise en ce que le noyau multifonctionnel est la 2,4,6-aci- 
de trisaminocaproique-1 ,3,5-triazine. 

8. Polyamide ramifie en etoile selon la revendication 2, caracterise en ce que le noyau multifonctionnel est la 4-ami- 
nomethyl-1 ,8-octanediamine. 

9. Composition de polyamide consistant essentiellement en : 

a. un polyamide lineaire 

b. un polyamide ramifie en etoile selon Tune quelconque des revendications 1 a 8. 

10. Composition de polyamide selon la revendication 9, caracterisee en ce que : 

a. le polyamide lineaire est un polyamide avec un degre 

de polymerisation qui est insuffisant pour montrer un comportement de fracture ductile et 

b. les ramifications de polyamide du polyamide ramifie en etoile ont un degre de polymerisation qui est au 
moins le meme que celui du polyamide lineaire. ; 

11. Precede" de preparation de la composition de polyamide selon la revendication 9 ou 10, par polymerisation d'un 
lactame en presence d'un compost a noyau multifonctionnel en presence d'eau et, facultativement, d'uncataly- 
seur, a une temperature entre 220 et 280°C et a pression atmospherique ou elevee. 

12. Procede selon la revendication 11, caracterise en ce que : 

a. la quantite de compose a noyau multifonctionnel par rapport au monomere est 1/(10-250).n, n etant le * 
nombre de groupes fonctionnels par molecule a noyau, 

b. la teneur en eau est entre 0,5 et 30 mol%, par rapport au monomere, 

c. la pression est entre 0,1 et 3,0 MPa. 

13. Precede selon la revendication 11 ou 12, caracterise en ce que le catalyseur est I'alpha.omega-aminoacide cor- 
respondent au lactame. 

14. Precede selon la revendication 11, caracterise en ce que le lactame est I'epsilon-caprolactame. 

15. Precede selon la revendication 14, caracterise en ce que le catalyseur est un acide aminocaproique. 

16. Precede selon Tune quelconque des revendications 11 a 15, caracterise en ce que la quantite de catalyseur est 
0,05 a 3 mol%, par rapport au monomere. 

17. Precede de preparation d'un polyamide ramifie en etoile stable au fondu par postcondensation en phase solide 
sous vide ou dans une atmosphere de gaz inerte a une temperature entre 160°C et 10°C au dessous de la tem- 
perature de fusion du produit qu'on peut obtenir avec le precede de preparation selon I'une quelconque des re- 
vendications 11 a 16. 

18. Precede selon I'une quelconque des revendications 11 a 17, caracterise en ce que les groupes fonctionnels du 
compose a noyau sont choisis parmi les groupes amine ou carboxyle, les groupes amine ou carboxyle etant lies : 
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(1) au compost acyclique dans lequel la ramification a lieu, s'il est ramifie, a un atome de carbone ou 

(2) via une chaTne acyclique a un compose heterocyclique montrant une symetrie des pointes. 

19. Produit obtenu en utilisant le polyamide ramifie en etoile selon I'une quelconque des revendications 1 a 8. 

20. Produit obtenu en utilisant la composition de polyamide selon I'une quelconque des revendications 9 a 10. 
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